Abstract
Introduction
In rectal cancer surgery, the optimal ligation level of the inferior mesenteric artery (IMA) has always been discussed. Extended lymph node (LN) dissection is not accepted worldwide in colorectal cancer surgery as there is no evidence that radical LN dissection leads to better survival. However, high ligation of the IMA in rectal cancer surgery is recommended if the clinical tumor depth is more than T2 or if clinical LN metastases are present according to the Japanese guidelines [1] . Apical LN dissection around the root of the IMA is still an interesting issue [2, 3] . This is because LN metastases exist around the root of the IMA, the reported incidence ranging from 0.3 to 14.2% [4] [5] [6] [7] [8] [9] [10] [11] . Japanese surgeons believe that LN dissection in this area is beneficial. On the other hand, guidelines in the USA recommend low ligation in most rectal cancer cases [12] . Surgeons in the USA feel that there is no high incidence of LN metastases around the root of the IMA.
There are several considerations other than oncological concerning the level of IMA ligation, such as anatomical, technical, and functional aspects [13] [14] [15] [16] . There is a possibility that high ligation is preferable for anastomotic tension, while low ligation is preferable regarding postoperative bowel, urinary, and sexual function. It is possible that high ligation allows more accurate tumor staging because of the increased number of examined LNs [17] . While several papers have reported on the ligation level of the IMA, there has been no randomized controlled trial (RCT) studying oncological outcomes.
We have reported the findings of our randomized clinical trial on bowel function following anterior resection for rectal cancer with high or low ligation of the IMA [18] . From that RCT, we reported that high ligation of the IMA does not affect bowel function following anterior resection for rectal cancer. As for the secondary endpoints, we also reported findings related to postoperative complications such as anastomotic leakage. In this report, we tried to show data concerning oncological outcomes and examined LN distribution. The aim of this study was to demonstrate whether high ligation of the IMA is more beneficial compared to low ligation in terms of survival rate.
Patients and Methods

Inclusion and Exclusion Criteria
Between February 2008 and December 2011, an RCT was conducted at Wakayama Medical University Hospital to compare high or low ligation of the IMA in patients with rectal cancer [18] . Inclusion criteria were as follows: patients with curable rectal cancer located <15 cm from the anus and patients with end to end anastomosis reconstructed by the double-stapling technique (DST). A total of 113 eligible patients were entered into this study before operation. Patients with resectable distant metastases were assigned to simultaneous or metachronous metastatic site resection. Informed consent was received from all patients, who also agreed to at least a 3-year postoperative follow-up. Patients were randomized intraoperatively to high or low ligation of the IMA once the surgeon had determined to perform anterior resection with reconstruction by the DST. Exclusion criteria were as follows: tumor situated >15 cm from the anus, patients with unresectable metastatic disease, patients with suspected LN metastases at the root of the left colic artery (LCA), and patients with early-stage disease (clinical Tis and T1). This study was approved by the ethical committee of Wakayama Medical University Hospital and registered at clinicaltrials.gov (NCT00701012).
Surgical Management and Follow-Up
High ligation was at the root of the aorta while low ligation was just distal from the root of the LCA. Tumor location was defined by colonoscopy as follows: low (<5 cm), middle (5-10 cm), and upper (11-15 cm) . Patients with middle and low rectal cancer received total mesorectal excision, while upper rectal cancer patients underwent tumor-specific mesorectal excision. The proximal transected line was 10 cm from the tumor, according to the Japanese guidelines. All patients' anastomoses were reconstructed by end to end anastomosis using the DST. Laparoscopic surgery for advanced rectal cancer was started in 2009, and preoperative chemoradiation therapy was introduced in 2010 for advanced middle and low rectal cancer patients. Lateral pelvic LN dissection was done for low rectal cancer patients with above T3 tumor and LN metastases in the mesorectum. The regional LNs classified by the Japanese guidelines are as follows: group 1, nodes adjacent to the rectal wall; group 2, nodes along the IMA trunk distal to the LCA; group 3, nodes around the root of the IMA. Pathological stage II and III patients underwent postoperative adjuvant oral 5-FU-based chemotherapy, and 5-FU-and oxaliplatin-based chemotherapy was performed in stage III patients with massive LN metastases and in stage IV patients. ASA, American Society of Anesthesiologists; CRT, chemoradiation therapy; group 1 nodes, pararectal nodes; group 2 nodes, inferior mesenteric trunk nodes; group 3 nodes, inferior mesenteric root nodes; NA, not available; TNM, Tumor Nodes Metastasis. 1 Thirteen sites in 12 patients in high ligation and 11 sites in 9 patients in low ligation. 2 Number of lymph nodes in 15 patients (8 in the high ligation and 7 in the low ligation group) with lateral pelvic lymph node dissection. The endpoints of this analysis were to show the examined LN status and oncological outcomes. All patients received postoperative surveillance using computed tomography every 6 months, carcinoembryonic antigen level every 3 months, and colonoscopy within 1 year of surgery.
Statistical Analyses and Sample Size Calculation
The number of patients in this study was designed to evaluate postoperative bowel function, but not postoperative morbidity and survival rate. The details were the same as previously described [18] . Comparative analyses were performed using the χ 2 test, the Fisher exact test, and the Mann-Whitney U test for numerical data. Differences in overall survival (OS) and disease-free survival (DFS) were assessed using the Kaplan-Meier method. The findings were compared for significance by log-rank test. The SPSS software statistical package was used for analysis (SPSS 19.0 for Windows, SPSS Inc., Chicago, IL, USA). Statistical significance was defined as p < 0.05.
Results
A total of 113 patients with rectal cancer were enrolled and 100 patients were randomized in this trial, 51 being allocated to high ligation and 49 to low ligation between February 2008 and December 2011. Thirteen patients were excluded from this trial due to suspected LN metastases at the root of the LCA ( n = 5), detection of unresectable peritoneal metastases intraoperatively ( n = 2), inability to undergo DST ( n = 3), and refusal to participate ( n = 3). There was no 30-day mortality in both groups.
Tumor status as well as pre-and postoperative information are shown in Table 1 . The two groups did not differ significantly, except for final tumor staging ( p = 0.046). There were no differences between the two groups regarding the performance of postoperative adjuvant chemotherapy ( p = 0.109).
The median follow-up period in this study was 54 months (range, 1-82 months). There were 12 recurrent patients in the high ligation and 9 patients in the low ligation group. There was no difference in the site of first recurrence between the two groups ( p = 0.292). There was no difference in the number of harvested LNs in group 1 and group 2 nodes. Furthermore, there was no difference in the total number of harvested LNs between the two groups ( p = 0.119). The average number of harvested LNs around the root of the IMA was 1.5 in the high ligation group. There was no difference in OS and DFS rate between the groups ( Fig. 1 ) . The 5-year DFS and OS of high ligation was 74.9 and 79.3%, respectively. The 5-year DFS and OS of low ligation was 80.7 and 83.0%, respectively. Furthermore, when patients were in stage III, we could not find differences in OS and DFS rates between the two groups ( Fig. 2 ) .
Discussion
In rectal cancer surgery, the level of IMA ligation has always been debated [5, 7, 10, 19, 20] . Although dividing the IMA is a tiny issue for rectal cancer surgery, there is still no consensus. The optimal ligation level should be demonstrated in light of several considerations, especially in light of oncological outcomes.
There have been several publications on high or low ligation of the IMA in rectal cancer surgery. However, none has indicated that high ligation is definitely associated with significantly better long-term survival [13] [14] [15] [16] . Most of the papers supporting high ligation have shown that substantial LN metastases around the root of the IMA truly exist, ranging from 0.3 to 14.2% ( Table 2 ) . They claim that resection lead to better survival [5, 7, 8] . On the contrary, most studies which supported low ligation claim that incidence of LN metastases around the root of the IMA is rare. Furthermore, when patients have such LN metastases, the 5-year survival rate is relatively low, ranging from 0 to 40%. The authors believe that resection of such LNs does not lead to longer survival as they speculate that once the tumor is involved in these apical LNs, it may have potentially metastasized systemically [4, 10, 17] . It has also been reported that the survival benefit of dissecting around the root of the IMA is extremely low compared to other areas such as the mesorectum and the lateral pelvic area.
In this study, we excluded 5 patients because of suspected LN metastases around the root of the LCA. Among these cases, 2 had LN metastases around the root of the IMA. However, these 2 patients developed recurrence soon after the operation in spite of dissection of the LNs around the root of the IMA. One developed liver metastases 10 months after surgery, while the other developed pelvic LN recurrence 2 months after surgery. Thus, in our limited cases there might be no survival benefit in performing dissection of LNs around the root of the IMA.
There is an anatomical consideration. It is hypothesized that low ligation keeps an adequate blood flow to the proximal colon of anastomosis. On the other hand, high ligation is reported to reduce the blood supply to the proximal limb, especially in older male patients [21] . In our previous report, although there were no significant differences between the two groups in terms of symptomatic anastomotic leakage and anastomotic stricture rates, the incidence of anastomotic leakage was 6% higher in the high ligation group [18] . If we conduct a large-scale RCT, significant difference may be demonstrated. Tension-free anastomosis is required to avoid anastomotic leakage. Although the gain in colonic length was longer in high compared to low ligation, low ligation can be safely performed for anastomosis in rectal cancer surgery in most cases [22, 23] . In this analysis, there was no patient in the low ligation group requiring division of the LCA because of anastomotic tension.
Although there may be no survival benefit, it has been reported that the examined number of LNs increased when the apical LNs were dissected [10, 17] . In our report, the increased mean number of LNs was 1.8, with no significant difference in the total number of LNs between the groups ( p = 0.119). In the high ligation group, more advanced cases were observed. The cause of this finding is not clear. It may be a stage migration phenomenon or it may be due to the small number of patients. However, a large number of patients is required to assess the stage migration phenomenon. There is a limitation to this study. As this RCT was conducted to assess postoperative bowel function, the number of patients was not calculated to assess oncological outcomes. To overcome this limitation, a future RCT is needed in order to draw a definitive conclusion on the oncological outcomes. The incidence of LN metastases around the IMA is low, and if we conduct a RCT, a large number of patients will be required. Therefore, it may be difficult to conduct such a RCT.
In conclusion, this study has shown that high and low ligation following anterior resection for rectal cancer have similar oncological outcomes. In patients without massive LNs around the root of the IMA, we recommend low ligation in rectal cancer surgery.
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